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(54) PROCESS FOR THE PREPARATION OF ACROLEIN AND ACRYLIC ACID 

(57) The present invention concerns a method for produced constantly for a prolonged period of time, 
producing acrolein and acrylic acid by carrying out 
vapor phase catalytic oxidation of propylene with molec- 
ular oxygen or a gas containing molecular oxygen using 
a oxidation catalysts comprising Mo, Bi and Fe as an 
essentially element and a fixed bed multitubular reactor, 
which comprises 



o 
o 



a) using a plurality of supported catalysts having 
different activities, which was obrtained, for exam- 
ple, by different calcination method in the produc- 
tion process of the supported catalysts, 

b) setting a catalyst layer in a reaction tube, which 
is formed by dividing it into plural portions in the 
tube axial direction, and 

c) arranging the aforementioned plural supported 
catalysts in such order that the activity becomes 
high toward the outlet from the inlet of the material 
gas in the reaction tube axial direction. 

According to the present invention, the generation 
of hot spot can be avoided and over oxidation reaction 
can be avoided and the acrolein and acrylic acid are 



Primed Dy Xerox (UK) Business Services 
2.16.7/3.6 



BNSDOCID: <EP_0900774A1J^ 



CI' U WXJ //«t Mi 

Description 



[Field of the Invention] 

[0001] This invention relates to a method in which acrolein and acrylic acid are produced by carrying out vapor phase 
catalytic oxidation of propylene with molecular oxygen or a gas containing molecular oxygen using a fixed bed multitu- 
bular reactor. 

[Prior Art] 

[0002] A number of complex oxide catalysts containing molybdenum, bismuth and iron have already been proposed 
for use in the production of acrolein and acrylic acid by a method in which propylene is subjected to vapor phase cata- 
lytic oxidation, and some of them are now industrially used. Their typical examples include those which are disclosed 
in Japanese Patent Publication (KOKOKU) No 47-27490 (1972). Japanese Patent Publication (KOKOKU) No. 47- 
42241 (1972) and Japanese Patent Publication (KOKOKU) No. 48-1645 (1973). 

[0003] However, industrial production of acrolein or acrylic acid using these catalysts causes various problems. 
[0004] One of these problems is generation of a local abnormally high temperature part (hot spot) in the catalyst layer. 
Generation of the hot spot is caused by the exothermic reaction of said vapor phase catalytic reaction. In order to 
improve productivity in the industrial production of acrolein and acrylic acid, a means is generally employed in which the 
concentration of the starting material propylene is increased or the space velocity of the reaction gas is increased, but 
heat accumulation at the hot spot is increased under such high load reaction conditions. Increase in heat accumulation 
at the hot spot causes shortened catalyst life, increased formation of by-products due to over oxidation reaction and. in 
the worst case, runaway reaction. 

[0005] If the activity of a part of the catalyst wherein the hot spot is generated is decreased, the activity of the whole 
catalyst is probably lowered due to migration of hot spots to other layers (parts) of the catalyst. 
[0006] In order to avoid generation of such hot spot or excessive heat accumulation at the hot spot, one must unwill- 
ingly accept low productivity or must take a countermeasure for example by reducing the reaction tube diameter, which, 
however, are economically disadvantageous. 

[0007] In consequence, various studies have been reported, in order to avoid the aforementioned danger in reaction 
operations caused by the hot spot to ensure economy in the aforementioned industrial production. For example, a 
method in which a catalyst wherein the hot spot could be generated is diluted with an inert substance (Japanese Patent 
Publication (KOKOKU) No 53-30688 (1978)) and a method in which the catalyst to be used is made into a tubular 
shape (Japanese Patent Publication (KOKOKU) No. 62-36739 (1987)) have been proposed. 

[0008] Also, reaction methods have been proposed in which two or more reaction zones are arranged in a reaction 
tube, and in which the reaction is carried out by packing a plurality of catalysts having different activities. Examples of 
such a type of methods so far reported include a method in which a plurality of catalysts whose activities are controlled 
by changing composition of catalytically active components (kind and/or quantity of an alkali metal in particular) are 
packed in a reaction tube along its axis in such a manner that catalysts having higher activities are arranged toward the 
outlet side from the inlet side of the material gas (Japanese Patent Publication (KOKOKU) No. 63-38331 (1988)) and a 
method in which a plurality of catalysts having different occupying volumes are packed in a plurality of reaction zones 
in such a manner that the occupying volume becomes small toward the outlet side from the inlet side of the reaction 
tube (Japanese Patent Application Kokai No. 4-217932 (1992)). 

[0009] However, in the method in which a catalyst is diluted with an inert substance, an intensive effort is required in 
uniformly mixing the inert substance for dilution with the catalyst, but their uniform packing cannot always be effected 
by this method, thus not only causing frequent generation of hot spots but also entailing inconvenience in carrying out 
the reaction, because the position and temperature of the hot spot vary in each reaction tube, so that this is not a sat- 
isfactory method as a means to prevent generation of hot spot. 

[001 0] The method in which the activity of catalyst is controlled by making it into a tubular shape cannot also be said 
as a sufficient means for preventing the generation of hot spots or excessive heat accumulation at the hot spot under 
high load reaction conditions, namely under conditions of high starting material concentration and high space velocity 
[001 1 ] In the method in which the activity of catalyst is controlled by changing kind and/or quantity of an alkali metal, 
its amount to be added is markedly small in comparison with those of other components, so that extent of activity vari- 
ation of the catalyst by its adding is extremely large due to the difference of so small its adding quantity or included 
quantity In addition, the preparation of the catalyst having the aimed activity becomes more difficult due to the influence 
of alkali metals slightly contained in other starting materials which are added in large amounts. When a plurality of cat- 
alysts having different active components are used, these catalysts show different periodical changes during their use 
for a prolonged period of time, so that it is necessary to optimize the catalyst layer length, the catalyst activity and the 
like factors taking the periodical changes into consideration, thus requiring complex operations. 
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[001 2] In the method in which a plurality of catalysts having different occupying volumes are packed in a reaction tube 
in such a manner that the occupying volume becomes small toward its outlet side from the inlet side of the reaction tube, 
thereby arranging a plurality of reaction zones in the axial direction of the reaction tube, it is necessary to control the 
ratio of occupying volumes of adjacent two reaction zones within a specified range, and it also requires further complex 
5 operations in achieving its optimization when the shape, composition and the like factors of the catalysts are different 
from one another, in addition to the occupying volumes of the catalysts to be used. 

[001 3] The present invention contemplates resolving the aforementioned problems in the prior art, thereby providing 
a method by which acrolein and acrylic acid can be produced from propylene with a high efficiency. 
[0014] That is, it contemplates providing a method in which acrolein and acrylic acid are produced by subjecting pro- 
10 pylene to vapor phase catalytic oxidation under high load reaction conditions, which is a simple and easy method that 
can effect the production stably for a prolonged period of time by inhibiting generation of hot spots or excessive heat 
accumulation at the hot spot of the catalyst layer, obtaining the products of interest with high yields and preventing the 
catalyst from its deterioration by thermal load. 

75 [Disclosure of the Invention] 

[0015] In the exothermic reaction such as the case of the vapor phase catalytic oxidation reaction, catalytically active 
components are generally used by molding them into various shapes which components are mostly occupied by the 
catalytically active components. Since the catalyst can be regarded as the reaction field of vapor phase catalytic oxida- 
se? tion, the exothermic reaction occurs exactly on the catalyst. Thus, the heat generated by the reaction is concentrated 
to induce generation of hot spots. In view of the above, the inventors of the present invention have conducted intensive 
studies with the aim of obtaining the products of interest stably for a prolonged period of time by avoiding the concen- 
tration of heat of reaction generated on the catalyst, and found as a result of the efforts that the aforementioned object 
can be achieved when a plurality of supported catalysts, having different activities, which are prepared by supporting a 
25 suitable amount of a powder that contains catalytically active components to be supported (coated) on an inert carrier 



and by differing the calcining procedure at preparing the catalysts or the supporting amount of the catalyst, are used by V: . 

arranging them in a specified manner. 

[0016] Accordingly the present invention relates to following (1) to (12) 

30 (1) a method for producing acrolein and acrylic acid by carrying out vapor phase catalytic oxidation of propylene ^y *W^ 

with molecular oxygen or a gas containing molecular oxygen using a oxidation catalysts comprising Mo. Bi and Fe . 
as an essentially element and a fixed bed multitubular reactor, which comprises 

a) using a plurality of supported catalysts having different activities, 
35 b) setting a catalyst layer in a reaction tube, which is formed by dividing it into plural portions in the tube axial " 

direction, and 

c) arranging the aforementioned plural supported catalysts in such order that the activity becomes high toward • 
the outlet from the inlet of the material gas in the reaction tube axial direction, ^^-i^^r 



40 (2) the method according to the above item (1) wherein plural catalysts having different activities, are prepared 
whose activity is controlled by means of the calcining treatment in the catalysts preparing process. 

(3) the method according to the above item (1) or (2) wherein the plural supported catalysts having different activ- 
ities, comprises at least one element selected from a group of potassium, rubidium, thallium and cesium as an 
essential element of catalyst active components and the included amount of the components is substantially same 

45 in the plural supported catalysts having different activities, 

(4) the method according to the above item (2) wherein the supported plural catalysts having different activities, are 
calcined in different temperature selected form 450-'650°C for every supported catalyst, 

(5) the method according to the above item (1) or (2) wherein the ratio of the supported component including cata- 
lytically active components (total supporting ratio) of the plural supported catalysts having different activities, is 

50 10-60 % by weight based on total weight of the catalyst, 

(6) the method according to the above item (5) wherein the supported plural catalysts having different activities, are 
obtained by using a molding additive and/or a strength improving agent when the supported catalysts are prepared, 

(7) the method according to any one of the above items (1). (2), (4) and (6) wherein the plural supported catalysts 
having different activities comprises at least one element selected from a group of potassium, rubidium, thallium 

55 and cesium as an essential element of catalyst active components, the included amount of the components is sub- 
stantially same in the plural supported catalysts having different activities, and the ratio of the supported compo- 
nent including catalytically active components (total supporting ratio) of the plural supported catalysts having 
different activities, is 10-60 % by weight based on total weight of the catalyst. 
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(8) the method according to the above item (7) wherein the composition of the catalytically active components, is 
represented by the following formula 

MOaBibNicC0dFe,YgZhOx 

5 

(wherein Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel, cobalt and iron, respectively, Y is at least 
one element selected from the group of tin, zinc, tungsten, chromium, manganese, magnesium, antimony and tita- 
nium, Z is at least one element selected from the group of potassium, rubidium, thallium and cesium, and a, b, c, 
d, f, g. h and x represent the number of atoms of molybdenum, bismuth, nickel, cobalt, iron, Y, Z and oxygen, 
10 respectively, a = 12, b = 0.1 to 7, c + d = 0.5 to 20 , f = 0.5 to 8, g = 0 to 2, h = 0 to 1 and x is determined by the 
oxidized condition of each element) 
in the plural supported catalysts having different activities, 

(9) the method according to any one of the above items (1). (2), (4), (6) and (8) wherein the carrier of the plural sup- 
ported catalysts having different activities, is the same, 

15 (10) the method according to any one of the above items (1), (2), (4), (6) and (8) wherein the composition of the 
catalytically active component of the plural supported catalysts having different activities, is the same, 
(11) the method according to any one of the above items (1), (2), (4), (6) and (8) wherein an amount of the carrier 
of the plural supported catalysts having different activities, is at least 20% by weight based on the sum of the weight 
of the supported catalysts, and 

20 (12) the method according to any one of the above items (1), (2), (4), (6) and (8) wherein the plural supported cat- 
alysts having different activities, which are obtained by calcining the lower temperature or whose supporting 
amount are the more, are arranged at the nearer position of the outlet. 

[0017] The plural supported catalysts having different activities in present invention means the supported catalysts 
25 having different reactivity of propylene (conversion ratio) per unit time when they are loaded in a same reaction tube 
with same volume and reacted under same condition. 

[0018] The method disclosed in Japanese Patent Application Kokai No. 4-217932 (1992) which uses the same cata- 
lysts composition obtained by the same manner whose occupying volumes are varied by differing their supporting 
amounts, is seemed to be a same method which comprises using the supported catalysts whose activities are varied 
30 by differing their catalyst suppoting amounts of the present invention. The method disclosed in the described patent, 
however, comprises the catalysts having the larger occupying ratio (the more supporting amount) being arranged the 
nearer to the inlet. The method in the present invention comprises the catalysts having the more supporting amount 
which have the higher activities, being arranged to the outlet, is quite contrary to the method of the prier art. 

35 [Best Mode for carrying out the Invention] 

[001 9] The following describes the present invention in detail. 

[0020] The oxidation catalyst component to be supported on the carrier is not limited whichever the components com- 
prises molybdenum, bismuth and iron as generally being used for production of acrolein and acrylic acid. Such catalyst 
40 component are much disclosed in the USP3454630, USP3778386 and Japanese patents described before. The sup- 
ported catalysts to be used in the present invention which are supporting the oxidation catalysts component disclosed 
in those prior arts, on an inert carrier can be obtained usually by a method in which catalytically active components that 
contain a powder of catalytically active components are supported on an inert carrier by a generally method described 
bellow and then calcined. 

45 [0021] The favorable catalysts in the present invention are catalytically active components having a composition of 
the following formula is supported on a carrier. 

MOaBibNicCOdFe,YgZhOx 

50 (In this formula. Mo, Bi, Ni. Co and Fe represent molybdenum, bismuth, nickel, cobalt and iron, respectively, Y is at least 
one element selected from the group of tin, zinc, tungsten, chromium, manganese, magnesium, antimony and titanium, 
Z is at least one element selected from the group of potassium, rubidium, thallium and cesium, and a, b, c. d, f g, h and 
X represent the number of atoms of molybdenum, bismuth, nickel, cobalt, iron, Y, Z and oxygen, a = 12, b = 0.1 to 7, 
c + d = 0.5 to 20 , f = 0.5 to 8, g = 0 to 2, h = 0 to 1 and x is determined by the oxidized condition of each element.) In 

55 the above definition, it is desirable that a = 12. b = 0.5 to 4, c + d = 1 to 12 , f = 0.5 to 5, g = 0 to 1 and h = 0.01 to 0.5. 
The powder containing catalytically active component to be supported on a carrier, is prepared by a coprecipitation, 
spray drying or the like means, using nitrate, ammonium salt, hydroxide, oxide, acetate and the like salts of respective 
metal elements as the starting materials with no particular limitation. The powder containing catalytically active compo- 
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nents is usually subjected to preliminary calcination at a temperature of from 200 to 600°C. preferable 300 to 500**C for 
from 2 to 24 hours prior to its supporting on a carrier. The preliminary calcination is carried out preferably in the atmos- 
phere of air or in a stream of nitrogen. The thus obtained powder by the preliminary calcination is called preliminarily 
calcined powder hereinafter. In addition, in production of a plurality of catalysts having different activities, when the cat- 

5 alysts having different activities are obtained by differing the catalytically active component itself or its composition ratio, 
it is also necessary that the composition of the catalytically active component of the supported catalysts (the case after 
preliminarily calcination and before supporting, the composition of the preliminarily calcined powder) (the composition 
of aforementioned formula) is differed, but the same composition of the catalytically active component is favorable 
because of the production becomes convenient. 

10 [0022] When the preliminarily calcined powder described above is supported on a carrier, it is desirable to mix it with 
a molding additive and/or a strength improving agent. Illustrative examples of the molding additive include crystalline 
cellulose, starch, stearic acid and the like, and those of the strength improving agent include ceramic fibers, carbon fib- 
ers, whiskers and the like. The molding additive or strength improving agent is used in an amount of 30% by weight or 
less based on the preliminarily calcined powder. The molding additive and/or strength improving agent may be mixed 

15 in advance with the aforementioned preliminarily calcined powder prior to molding or, as will be described later, may be 
added to a molding machine simultaneously with or before or after the addition of the preliminarily calcined powder and 
the like. 

[0023] It is desirable to use a binder when the preliminarily calcined powder is supported on the carrier. Illustrative 
examples of the binder include water, an alcohol, a polyhydric alcohol such as glycerol or the like or a mixture thereof 

20 The binder is used in an amount of from 10 to 60% by weight based on the preliminarily calcined powder. 

[0024] Any material can be used as the carrier as long as it is inert and porous or can be made into porous granules, 
and its examples include (a-alumina, silicon carbide, pumice, silica, zirconium oxide, titanium oxide and the like. The 
carrier can be made into spherical, cylindrical, tubular and the like shapes with no specific limitation, but is particularly 
desirable when production efficiency and mechanical strength of the catalyst are taken into consideration. When the 

25 shape of the carrier is spherical, the carrier may have a particle size of preferably from 3 to 12 mm. Types of the carrier 
for a plurality of catalysts may be the same or different from one another, but they may preferably be the same. 
[0025] The powder that contains the catalytically active components (the powder containing preliminarily calcined 
powder, if necessary further containing a molding additive and/or a strength improving agent, to be referred to as cata- 
lytically active component-containing powder hereinafter) can be supported on the carrier by any method such as a 

30 tumbling granulation method, a method using a centrifugal fluidized bed coating apparatus and a wash coating method, 
with no particular limitation, but the tumbling granulation method is desirable when catalyst production efficiency and 
the like are taken into consideration. Illustratively, this is a method in which a fixed cylindrical container whose bottom 
part is equipped with a disc having even or irregular surface is used, and a carrier charged in the container is vigorously 
mixed through the repetition of rotation and revolution effected by high speed spinning of the disc, to which the catalyt- 

35 ically active component-containing powder and, if necessary a binder are added so that said powder is supported on 
the carrier. 

[0026] A plurality of catalysts having different activities whose composition of the catalytically active component (the 
composition represented by aforementioned formula ) is the same, may be obtained by differing a kind or amounts of a 
molding additive, a strength improving agent, and a binder which are added when the catalytically active component- 

40 containing powder is supported on the carrier. For example, when the ceramic fibers which are not burned out in the 
calcination after supporting, are used by differing their amount largely concentration of the catalytically active compo- 
nent which are supported on the carrier is differed and thus catalysts having different activities may be obtained. 
[0027] The ratio of the catalytically active component to the whole of the calcined catalyst may be differed with much 
extent of 5 to 80 % by weight and the ratio is preferable 10 to 60 % by weight and more preferable 20 to 55 % by weight. 

45 When an any other component except of the catalytically active component to be supported on the carrier, for example, 
a molding additive or inert diluting material which are remained after the calcination, the ratio of the whole supported 
material (the ratio of the whole supported amount) is preferable within abovementioned ratio. 

[0028] In the present invention, when the supported amount is larger, the activity of the catalysts becomes higher 
because the size of the inert carrier is relatively larger (more than 20 % by weight, preferable more than 30 % by weight. 
50 more preferable more than 40 % by weight (weight of the carrier /weight of the supported catalysts)) and relatively 
smaller amount of active catalysts are supported compared to the supported catalysts disclosed in Japanese Patent 
Application Kokai No. 4-217932 (1992). 

[0029] In this connection, the supported amount is represented by "weight of catalytically active components/(weight 
of catalytically active components + weight of carrier + weight of strength improving agent after calcination (optional 
55 component)", and is referred to as catalyst supported ratio hereinafter. The term "weight of catalytically active compo- 
nents" as used herein means weight of the catalytically active components after calcination and because of it being not 
so different to weight of the preliminarily calcined powder, the weight of the preliminarily calcined powder was used for 
calculation in this specification. 
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[0030] The calcination temperature after supporting catalytically active component-containing powder on the carrier, 
is preferably from 450 to 650°C. more preferably from 480 to 600°C. 

[0031] Because the activity of the catalysts used in present invention becomes higher, when the calcination temper- 
ature or the calcination time is reduced, and becomes lower when calcination temperature or calcination time is 
5 increased, a plurality of catalysts having different activities are prepared by differing the calcination temperature and/or 
calcination time. This method is remarkably preferable for production of catalysts because a plurality of catalysts having 
different activities is obtained by same process before calcination. 

[0032] The calcination time is generally from 3 to 30 hours, preferably from 4 to 15 hours. The preferred combination 
of calcination temperature and time is varied depending on the supported amount or the kind of catalytically active com- 

10 ponents and so on. For example, when the catalyst layer is divided into two parts a catalyst prepared by calcination at 
500-650°C for 4-15 hours is preferably combined with a catalyst prepared by calcination at 450-550°C for 4-10 hours 
while the catalyst layer is divided into three parts a catalyst prepared by calcination at 500-650**C for 4-15 hours is pref- 
erably combined with a catalyst prepared by calcination at 500-580°C for 4-15 hours and a catalyst prepared by calci- 
nation at 450-550**C for 4-10 hours. 

15 [0033] The difference of the calcination temperature between these catalysts, is generally less than 1 00**C, preferably 
eC'C. In case that the activity is adjusted by differing the calcination time, the calcination temperature may be same, but 
it is preferable to combine a plurality of catalysts having different activities obtained by calcining at difference of the cal- 
cination temperature being above 5°C, preferably 10°C, more preferably 15°C. 

[0034] The size of supported catalyst as obtained above, is variable depending on the size of the carrier, whole sup- 
20 porting amount and so on. When the shape of the supported catalysts is spherical, the mean diameter of the supported 
catalysts being used is generally 3-1 6mm, preferably 3.5-8mm. The particle size of the catalysts to be used is deter- 
mined by taking inner diameter of the reaction tube and the like into consideration. In the case of the catalysts to be 
used in the present invention in which the same carrier is used for a plurality of catalysts having different activities, size 
(volume) of the catalysts becomes large as the amounts to be supported increase, when the catalytically active com- 
25 ponents are supported on the carrier under the same conditions but it is preferable in the present invention to use cat- 
alysts whose volume are not so difference. The difference of the catalysts volume is within 2 times, preferably within 1 .5 
times in case of generally used catalysts. When the shape of the catalysts is spherical, it is preferable to use the cata- 
lysts whose difference of particle size is within 30 %. preferable 20 %. 

[0035] According to the present invention, a fixed bed multitubular reactor is used as the reactor, and the number of 
30 reaction tubes, the packing length of the catalyst, the number of divided portions of catalyst layer and the like vary 
depending on the operation conditions, so that these factors may be decided in each case in such a manner that opti- 
mum operation results are obtained. With regard to the division of catalyst layer, prevention of the generation of hot 
spots or heat accumulation in the hot spot becomes easy as the number of divided portions increases, but the object 
can be achieved practically by dividing it into 2 to 3 portions. 
35 [0036] Inner diameter of the reaction tube is generally from about 1 5 to 50 mm. For example, when the inner diameter 
of reaction tube is 21 to 27 mm in that case, it is desirable to use a combination of catalysts having a particle size of 3.5 
to 8 mm whose activities are controlled by adjusting the supported amount in the catalysts to 15 to 60% by weight, and 
the calcination temperature to 480 to 580°C. 

[0037] The production method of the present invention may be applied to a once-through (one-pass) operation 
40 method or a recycling method, and can be carried out under conditions generally used on them. For example, the reac- 
tion to obtain acrolein and acrylic acid may be carried out by introducing a mixture gas consisting of 1 to 10% by volume, 
preferably 4 to 9% by volume, of propylene as the starting material, 3 to 20% by volume, preferably 4 to 1 8% by volume, 
of molecular oxygen, 0 to 60% by volume, preferably 4 to 50% by volume, of water vapor and 20 to 80% by volume, 
preferably 30 to 60% by volume, of an inert gas (nitrogen, carbon dioxide or the like) onto the aforementioned catalysts 
45 at a temperature of 250 to 450^*0, under a pressure of atmospheric pressure to 10 atm and at a space velocity (= mate- 
rial gas flow volume/apparent volume of packed catalysts) of 300 to 5,000 hr'"* . 

[0038] According to the present invention, run away reaction caused by the generation of hot spot and over oxidation 
reaction can be avoided and constant operation can be made for a prolonged period of time without employing indus- 
trially disadvantageous methods, even under high load reaction conditions in which concentration of the starting mate- 
so rial is increased and/or the space velocity is increased, so that the method of the present invention is an outstandingly 
superior method in comparison with the prior art methods. 

[0039] When the reaction is carried out according to the present invention by supporting a catalytically active compo- 
nent-containing powder on a carrier, calcining the resultant and then packing a plurality of the thus obtained catalysts 
having different activities in each of a plurality of reaction zones arranged in the reaction tube axial direction in such 
55 order that the catalyst with lower activity is placed from the inlet of the starting material, the danger of causing runaway 
reaction due to the generation of hot spots or heat accumulation at the hot spot can be avoided and formation of by- 
products due to over oxidation reaction can be prevented, even under high load reaction conditions, so that the intended 
acrolein and acrylic acid can be obtained with high selectivity and high yield. The productivity can also be improved 
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markedly, because deterioration of the catalyst due to locally exceeded thermal load can be prevented and the catalyst 
therefore can be used stably for a prolonged period of time. 

[0040] Thus, the production method of the present invention is a markedly useful method for the production of acrolein 
and acrylic acid. 

[Examples] 

[0041] The present invention is described further illustratively with reference to the following examples. 

[0042] The conversion ratio, the selectivity and the yield per pass in the present invention are defined as follows. 



Propylene conversion ratio (mol %) = (mol number of reacted propylene)/(mol number of supplied propylene) x 100 • 
Total selectivity (mol %) = (mol number of formed acrolein and acrylic acid)/(mol number of reacted propylene) x 100 
15 Yield (mol %) = (mol number of formed acrolein or acrylic acid)/(mol number of supplied propylene) x 100 
Example 1 

(Preparation of catalyst - 1) 

20 

[0043] An aqueous solution (A) was obtained by dissolving 423.8 g of ammonium molytxJate and 2.02 g of potassium 
nitrate in 3,000 ml of distilled water which was heated and stirred. 

[0044] Separately from this, an aqueous solution (B) was prepared by dissolving 302.7 g of cobalt nitrate. 1 62.9 g of 
nickel nitrate and 1 45.4 g of ferric nitrate in 1 ,000 ml of distilled water, and an aqueous solution (C) by dissolving 1 64.9 

25 g of bismuth nitrate in 200 ml of distilled water which had been acidified by adding 25 ml of concentrated nitric acid. The ' ^ 

aqueous solutions (B) and (C) were mixed, and the mixture solution was added dropwise to the aqueous solution (A) 
which was vigorously stirred. - 'i^^ 

[0045] The thus formed suspension was dried using a spray dryer and subjected to 3 hours of preliminary calcination 
at 440°C. thereby obtaining 570 g of preliminarily calcined powder. Thereafter, 200 g of the preliminarily calcined pow- - : 

30 der was mixed with 10 g of crystalline cellulose as a molding additive, and thus a mixture of the preliminarily calcined ^ - . 
powder and the crystalline cellulose was obtained. .t. . 

[0046] A 300 g portion of alumina carrier having an average particle size of 3.5 mm was put into a tumbling granulator 
and then the just described mixture and 90 g of 33% by weight glycerol aqueous solution as a binder were simultane- ^ i^^i.^ 
ously added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported ratio 

35 of 40% by weight (to be referred to as active component-supported particles hereinafter). . ^ r\ 

[0047] The active component-supported particles were dried at room temperature for 15 hours and then calcined at " ^'^ 

560°C for 5 hours in the flow of air to obtain a catalyst (1). The catalyst (1) was found to have an average particle size 
of 4.0 mm. and the composition of its catalytically active components, excluding oxygen, was Mo = 12, Bi = 1.7, Ni = r^^ 
2.8, Fe = 1.8. Co - 5.2 and K = 0.1 in atomic ratio. ■ 



(Preparation of catalyst - 2) 



[0048] A 300 g portion of the preliminarily baked powder obtained in Preparation of catalyst - 1 was mixed with 15 g 
of crystalline cellulose as a molding additive, and thus obtained a mixture of the preliminarily clcined powder and the 
45 crystalline cellulose was obtained. 

[0049] A 300 g portion of alumina carrier having an average particle size of 3.5 mm was put into a tumbling granulator 
and then the above-mentioned mixture and 135 g of 33% by weight glycerol aqueous solution as a binder were simul- 
taneously added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported 
ratio of 50% by weight, 

50 [0050] The thus obtained active component-supported particles were dried at room temperature for 1 5 hours and then 
calcined at 520^*0 for 5 hours in the flow of air to obtain a catalyst (2). The catalyst (2) was found to have an average 
particle size of 4.1 mm. and the composition of its catalytically active components, excluding oxygen, was Mo = 12, Bi 
= 1.7. Ni = 2.8. Fe = 1 .8, Co = 5.2 and K = 0.1 in atomic ratio. 

55 (Oxidation reaction) 

[0051] The aforementioned catalysts (1) and (2) were packed in a reaction tube of 21 mm in inner diameter and 5 m 
in length made of stainless steel (SUS 304) and equipped with a thermocouple, in respective packed layer lengths of 
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105 cm and 295 cm at central area of the reaction tube starting from the starting material gas inlet toward the outlet. 
While keeping the reaction bath temperature at 337°C and the catalyst layer inlet pressure at 1 .53 kg/cm^ G, the reac- 
tion was carried out by passing a mixture gas consisting of 8% by volume of propylene, 1 4% by volume of oxygen, 25% 
by volume of water vapor and 53% by volume of nitrogen through the tube at a space velocity of 1 ,860 hr-1 . In this case, 
maximum temperatures of the catalyst layers starting from the inlet were 388**C and 400°C, respectively, the propylene 
conversion ratio was 97.1%, the acrolein yield was 80.9%, the acrylic acid yield was 8.1% and the total selectivity for 
acrolein and acrylic acid was 91.7%, and decrease in reaction performance was not observed even after continuation 
of the reaction for 1 .000 hours or more. 

Exarnple 2 

(Preparation of catalyst - 3) 

[0052] A catalyst (3) was obtained in the same manner as described in Preparation of catalyst - 1 . except that the 
calcining temperature was changed to 540°C. The catalyst (3) was found to have an average particle size of 4.0 mm, 
and the composition of its catalytically active components, excluding oxygen, was Mo = 12, Bi = 1 .7, Ni = 2.8, Fe = 1.8, 
Co = 5.2 and K = 0.1 in atomic ratio. 

(Oxidation reaction) 

[0053] The aforementioned catalysts (3) and (2) were packed in a reaction tube of 21 mm in inner diameter and 5 m 
in length made of stainless steel (SUS 304) and equipped with a thermocouple, in respective packed layer lengths of 
105 cm and 295 cm starting from the starting material gas inlet toward the outlet While keeping the reaction bath tem- 
perature at 333°C and the catalyst layer inlet pressure at 1 .1 7 kg/cm^ G, the reaction was carried out by passing a mix- 
ture gas consisting of 8% by volume of propylene. 14% by volume of oxygen, 25% by volume of water vapor and 53% 
by volume of nitrogen through the tube at a space velocity of 1.550 hr-1. In this case, maximum temperatures of the 
catalyst layers starting from the inlet were 401*^0 and 373°C. respectively, the propylene conversion ratio was 98.1%, 
the acrolein yield was 81 .3%, the acrylic acid yield was 8.6% and the total selectivity for acrolein and acrylic acid was 
91 .6%. and decrease in reaction performance was not observed even after continuation of the reaction for 1 ,000 hours 
or more. 

Example 3 

(Preparation of catalyst - 4) 

[0054] A 100 g portion of the preliminarily calcined powder obtained in Preparation of catalyst - 1 was mixed with 5 g 
of crystalline cellulose as a molding additive, and thus a mixture of the preliminarily calcined powder and the crystalline 
cellulose was obtained. 

[0055] A 300 g portion of alumina carrier having an average particle size of 4 mm was put into a tumbling granulator 
and then the just described mixture and 45 g of 33% by weight glycerol aqueous solution as a binder were simultane- 
ously added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported ratio 
of 25% by weight. 

[0056] The thus obtained active component-supported particles were dried at room temperature for 1 5 hours and then 
calcined at 520*^0 for 5 hours in the flow of air to obtain a catalyst (4). The catalyst (4) was found to have an average 
particle size of 4.3 mm, and the composition of its catalytically active components, excluding oxygen, was Mo = 12, Bi 
= 1.7, Ni = 2.8, Fe = 1 .8. Co = 5.2 and K = 0.1 in atomic ratio 

(Preparation of catalyst - 5) 

[0057] A 150 g portion of the preliminarily calcined powder obtained in Preparation of catalyst - 1 was mixed with 7.5 
g of crystalline cellulose as a molding additive, and thus a mixture of the preliminarily calcined powder and the crystal- 
line cellulose was obtained. 

[0058] A 300 g portion of alumina carrier having an average particle size of 4 mm was put into a tumbling granulator 
and then the described mixture and 70 g of 33% by weight glycerol aqueous solution as a binder were simultaneously 
added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported ratio of 33% 
by weight. 

[0059] The thus obtained active component-supported particles were dried at room temperature for 1 5 hours and then 
calcined at 520°C for 5 hours in the flow of air to obtain a catalyst (5). The catalyst (5) was found to have an average 
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particle size of 4.5 mm, and the composition of its catalytically active components, excluding oxygen, was Mo = 12. Bi 
= 1.7, Ni = 2.8, Fe = 1.8. Co = 5.2 and K = 0.1 in atomic ratio. 

(Preparation of catalyst - 6) 

5 

[0060] A 200 g portion of the preliminarily calcined powder obtained in Preparation of catalyst - 1 was mixed with 10 
g of crystalline cellulose as a molding additive, and thus a mixture of the preliminarily calcined powder and crystalline 
cellulose was obtained. 

[0061] A 300 g portion of alumina carrier having an average particle size of 4 mm was put into a tumbling granulator 
10 and then the described mixture and 90 g of 33% by weight glycerol aqueous solution as a binder were simultaneously 
added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported ratio of 40% 
by weight. 

[0062] The thus obtained active component-supported particles were dried at room temperature for 1 5 hours and then 
calcined at 520°C for 5 hours in the flow of air to obtain a catalyst (6). The catalyst (6) was found to have an average 
75 particle size of 4.5 mm, and the composition of its catalytically active components, excluding oxygen, was Mo = 12. Bi 
= 1 .7, Ni = 2.8. Fe = 1 .8, Co = 5.2 and K = 0.1 in atomic ratio. 

(Oxidation reaction) 

20 [0063] The aforementioned catalysts (4), (5) and (6) were packed in a reaction tube of 27 mm in inner diameter and 
5 m in length made of stainless steel (SUS 304) and equipped with a thermocouple, in respective packed layer lengths 
of 100 cm. 100 cm and 150 cm starting from the starting material gas inlet toward the outlet. While keeping the reaction 
bath temperature at 334°C and the catalyst layer inlet pressure at 1 .35 kg/cm^ G, the reaction was carried out by pass- 
ing a mixture gas consisting of 7% by volume of propylene. 13% by volume of oxygen, 10% by volume of water vapor 

25 and 70% by volume of nitrogen through the tube at a space velocity of 1 .800 hr-1 . In this case, maximum temperatures 
of the catalyst layers starting from the inlet were 404**C, 385°C and 352°C, respectively, the propylene conversion ratio 
was 96.6%, the acrolein yield was 84.2%. the acrylic acid yield was 6.2% and the total selectivity for acrolein and acrylic 
acid was 93.6%, and decrease in reaction performance was not observed even after continuation of the reaction for 
1 ,000 hours or more. 



30 



55 



Example 4 



[0064] The reaction was carried out in the same manner as described in Example 3, except that the space velocity 
was changed to 1 ,500 hr-1 , the reaction bath temperature to 332°C and the catalyst layer inlet pressure to 1 . 1 kg/cm^ 
35 G. In this case, maximum temperatures of the catalyst layers were 398°C, 381 **C and 350°C, respectively, the propylene 
conversion ratio was 96.4%, the acrolein yield was 84.3%. the acrylic acid yield was 6.0% and the total selectivity for 
acrolein and acrylic acid was 93.6%, and decrease in the reaction performance was not observed even after continua- 
tion of the reaction for 1 .000 hours or more. 

40 Example 5 

(Preparation of catalyst - 7) 

[0065] A 200 g portion of the preliminarily calcined powder obtained in Preparation of catalyst - 1 was mixed with 10- 
45 g of crystalline cellulose as a molding additive, and thus a mixture of the preliminarily calcined powder and the crystal- 
line cellulose was obtained. 

[0066] A 300 g portion of alumina carrier having an average particle size of 4 mm was put into a tumbling granulator 
and then the described mixture and 90 g of 33% by weight glycerol aqueous solution as a binder were simultaneously 
added thereto to effect support of the mixture on the carrier, thereby obtaining particles having a supported ratio of 40% 
50 by weight. 

[0067] The thus obtained active component-supported particles were dried at room temperature for 1 5 hours and then 
calcined at 550°C for 5 hours in the flow of air to obtain a catalyst (7). The catalyst (7) was found to have an average 
particle size of 4.5 mm, and the composition of its catalytically active components, excluding oxygen, was Mo = 12. Bi 
= 1.7. Ni = 2.8, Fe = 1 .8, Co = 5.2 and K = 0.1 in atomic ratio. 



(Oxidation reaction) 

[0068] The aforementioned catalysts (7) and (6) were packed in a reaction tube of 21 mm in inner diameter and 5 m 
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in length made of stainless steel (SUS 304) and equipped with a thermocouple, in respective packed layer lengths of 
105 cm and 295 cm starting from the starting material gas inlet toward the outlet. While keeping the reaction bath tem- 
perature at 339°C and the catalyst layer inlet pressure at 1 .81 kg/cm^ G, the reaction was carried out by passing a mix- 
ture gas consisting of 8% by volume of propylene. 14% by volume of oxygen. 25% by volume of water vapor and 53% 
5 by volume of nitrogen through the tube at a space velocity of 1 ,860 hr-1 . In this case, maximum temperatures of the 
catalyst layers starting from the inlet were 406°C and 397^0, respectively, the propylene conversion ratio was 97.4%. 
the acrolein yield was 79.9%, the acrylic acid yield was 8.9% and the total selectivity for acrolein and acrylic acid was 
91 .2%, and decrease in reaction performance was not observed even after continuation of the reaction for 1 ,000 hours 
or more. 

10 

[Usage in the Industry] 

[0069] According to the present invention, run away reaction caused by the generation of hot spot and over oxidation 
reaction can be avoided and constant operation can be made for a prolonged period of time without employing indus- 
15 trially disadvantageous methods, even under high load reaction conditions in which concentration of the starting mate- 
rial is increased and/or the space velocity is increased, so that the method of the present invention is an outstandingly 
usable method for production of acrolein and acrylic acid. 

Claims 

20 

1 . a method for producing acrolein and acrylic acid by carrying out vapor phase catalytic oxidation of propylene with 
molecular oxygen or a gas containing molecular oxygen using a oxidation catalysts comprising Mo, Bi and Fe as 
an essentially element and a fixed bed multitubular reactor, which comprises 

25 a) using a plurality of supported catalysts having different activities, 

b) setting a catalyst layer in a reaction tube, which is formed by dividing it into plural portions in the tube axial 
direction, and 

c) arranging the aforementioned plural supported catalysts in such order that the activity becomes high toward 
the outlet from the inlet of the material gas in the reaction tube axial direction. 

30 

2. the method according to claim 1 wherein plural catalysts having different activities, are prepared whose activity is 
controlled by means of the calcining treatment in the catalysts preparing process. 

3. the method according to claim 1 or 2 wherein the plural supported catalysts having different activities, comprises 
35 at least one element selected from a group of potassium, rubidium, thallium and cesium as an essential element of 

catalyst active components and the included amount of the components is substantially same in the plural sup- 
ported catalysts having different activities. 

4. the method according to claim 2 wherein the supported plural catalysts having different activities, are calcined in 
40 different temperature selected form 450~650''C for every supported catalyst. 

5. the method according to claim 1 or 2 wherein the ratio of the supported component including catalytically active 
components (total supporting ratio) of the plural supported catalysts having different activities, is 10-^60 % by 
weight based on total weight of the catalyst. 

45 

6. the method according to claim 5 wherein the supported plural catalysts having different activities, are obtained by 
using a molding additive and/or a strength improving agent when the supported catalysts are prepared. 

7. the method according to any one of claims 1, 2, 4 and 6 wherein the plural supported catalysts having different 
50 activities comprises at least one element selected from a group of potassium, rubidium, thallium and cesium as an 

essential element of catalyst active components, the included amount of the components is substantially same in 
the plural supported catalysts having different activities, and the ratio of the supported component including cata- 
lytically active components (total supporting ratio) of the plural supported catalysts having different activities, is 
1 0--60 % by weight based on total weight of the catalyst. 

55 

8. the method according to claim 7 wherein the composition of the catalytically active components, is represented by 
the following formula 
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MOaBibNi^,COdFe,Yg2hOx 

(wherein Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel, cobalt and iron, respectively, Y is at least 
one element selected from the group of tin. zinc, tungsten, chromium, manganese, magnesium, antimony and tita- 
nium. Z is at least one element selected from the group of potassium, rubidium, thallium and cesium, and a, b. c, 
d, f, g, h and x represent the number of atoms of molytxlenum. bismuth, nickel, cobalt, iron, Y, Z and oxygen, 
respectively a = 12, b = 0.1 to 7. c + d = 0.5 to 20 , f = 0.5 to 8, g = 0 to 2, h = 0 to 1 and x is determined by the 
oxidized condition of each element) 
in the plural supported catalysts having different activities. 

9. the method according to any one of claims 1 , 2. 4. 6 and 8 wherein the carrier of the plural supported catalysts hav- 
ing different activities, is the same. 

10. the method according to any one of claims 1 . 2, 4, 6 and 8 wherein the composition of the catalytically active com- 
15 ponent of the plural supported catalysts having different activities, is the same. 

11. the method according to any one of claims 1 . 2, 4. 6 and 8 wherein an amount of the carrier of the plural supported 
catalysts having different activities, is at least 20% by weight based on the sum of the weight of the supported cat- 
alysts, and 
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12. the method according to any one of claims 1. 2. 4. 6 and 8 wherein the plural supported catalysts having different 
activities, which are obtained by calcining the lower temperature or whose supporting amount are the more, are 
arranged the at nearer position of the outlet. 
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